The Straightforward EEG in Psychiatric Practice
To set the stage for a reappraisal of the value and limitations of the EEG in psychiatric practice it will be helpful to present briefly the current view of the neural basis of the EEG and to state some general principles of interpretation of the EEG. The electrocorticogram recorded from the surface of the cortex consists of slowly changing electrical potentials caused by summation of numerous excitatory and inhibitory potential changes occurring in different parts of the dendrites and cell bodies within the cerebral cortex. These changes are influenced by inputs from the specific and nonspecific thalamic projection systems (Kiloh et al. 1972) . A striking feature of the ECOG is the difference in electrical activity from electrode to electrode even when these are spaced only a few mm apart. This lack of electrical spread means that that activity at any one electrode arises from tissue in its immediate neighbourhood. The cranium and covering soft tissues have an attenuating and averaging effect on cortical potentials. The attenuation factor varies from 5000:1 to 2:1. It has been shown that the amplitude of the signal is less important than the area of synchronous involvement of the cortex. Cortical activity will thus only appear prominently in the scalp EEG if there is synchronous involvement of cortical areas of at least 6 cm2 (Cooper et al. 1965 ). Thus the alpha rhythm arising from wide areas of postcentral cortex is only attenuated three fold while strictly localized cortical spikes can be attenuated 40 times on transmission through the cranial vault and scalp. It therefore follows that disorders of brain function will be manifest in scalp EEG changes if there is synchronous electrical involvement of a relatively large area of cortex either due to a local pathological process or diencephalic involvement with transmission to the cortex via the thalamocortical projection systems. Thus lesions involving the cortex are much more likely to cause EEG disturbance than those situated deep in the diencephalon or brain stem. Hence posterior fossa tumours produce little EEG change unless secondary pressure effects cause brain stem compression with involvement of diencephalic structures and the diffuse thalamocortical projection system. Even in the case of tumours of the cerebral cortex the site of the delta wave focus or foci may provide misleading information concerning localization. Tumour tissue is electrically silent. Only the neurones bordering the tumour generate abnormal potentials with the production of irregular delta waves due to pressure effects, cedema or ischaemic changes. The delta waves may therefore be focal around the edge of the tumour; often anterior or lateral to the tumour site. The area of reduction or absence of normal background activity often gives more accurate localization as this is due to electrical silence caused by the tumour itself (Hill & Driver 1962 , Kiloh et al. 1972 . The localization problem can be further complicated by the development of rhythms at a distance from the lesion. These are projected disturbances which reach the cortex via the diffuse thalamo-cortical system and are probably due to diencephalic dysfunction resulting from brain stem distortion caused by increased intracranial pressure (Cobb 1963) .
Extracerebral lesions do not change the spontaneous activity of the cortex unless the mass intervenes between the recording electrode and the brain and so constitutes a low resistance pathway between adjacent electrodes with con-sequent electrical 'silence' over the lesion. This occurs not uncommonly with subdural hmmatomas and occasionally with massive meningiomas. The EEG changes caused by cerebral dysfunction result from alteration of cortical neuronal activity. These can be caused by a wide variety of pathological processes involving either damage to the structure of the nerve cells or potentially reversible disturbances in cellular metabolism caused by such metabolic insults as hypoglycemia, hypoxia, electrolyte imbalance or vitamin B12 deficiency. Hence, the electrical patterns accompanying brain dysfunction, although useful in assessing the location and extent of the dysfunction, cannot be used to predict the specific nature of the underlying pathology. Thus it is not possible, in the acute phase of the illness, to distinguish irregular focal delta activity caused by an internal carotid thrombosis from that caused by a temporoparietal tumour The more rapidly progressive the lesion, the greater is the probability of EEG abnormality. For example, an acute cerebral abscess causes a gross focal EEG disturbance while a benign tumour, e.g. a meningioma, may expand to a massive size without altering the EEG. The same rule applies to other types of pathological processes, both local and diffuse. Even the cortex of an entirely atrophic hemisphere does not necessarily generate abnormal potentials. Nevertheless the atrophic process may be suspected because of reduction in the normal alpha and beta background rhythms due to impaired function of the damaged cortex. The situation is entirely different if the lesion has developed epileptogenic properties with the generation of spikes, sharp waves, &c.
Finally it must be emphasized that the presence of potentially epileptogenic activity, e.g. spikes, should not be used to diagnose epilepsy in the absence of definite seizures. Focal spikes/sharp waves or spike and wave complexes can develop in cortical areas damaged by tumour tissue, traumatic, vascular or degenerative processes without manifest epileptic seizures (Van der Drift 1957). Fast generalized spike and wave complexes at 4-6 c/s similar to those in some patients with idiopathic epilepsy have been described in up to 3 % of several control populations (Hill 1952 , Gibbs & Gibbs 1964 .
The Organic Brain Syndromes Focal lesions: Focal cerebral lesions may present with mental symptoms, personality change, alteration in behaviour or any combination of this triad. Frontal lobe lesions may cause personality deterioration leading sometimes to frank antisocial behaviour. Catatonic phenomena may occur. Basal frontal meningiomas seem specially prone to present psychiatrically (Avery 1971 , Hunter et al. 1968 , Selecki 1965 . Tumours of the corpus callosum often present with dementia. Temporal lobe space-occupying lesions may result in psychical seizures or automations. Parietal lobe disease with its bizarre manifestations may stimulate psychological illness (Critchley 1964) . Parietal lobe deficits such as aphasia, imperception, apraxia and anosognosia may be erroneously considered as components of a global dementing process while the difficulties in securing patients' cooperation and constant attention, slowness and inconsistency ofresponses, tactile aberrations, object agnosia, disorders of body image and spatial orientation problems may lead to a mistaken diagnosis of hysteria. A subdural h;ematoma may present with dementia while raised intracranial pressure from any cause may produce clouding of consciousness and an initial diagnosis of confusional state. The EEG is an invaluable aid to the psychiatrist in the investigation of these focal brain disorders, if the limitations of the technique and problems of interpretation presented in the introduction are borne in mind.
Confusional states: The common organic mental states, however, are those caused by more global disturbances of cerebral function; acute or chronic. In those of acute onset, clouding of consciousness with mental confusion are the predominant features. When clouding of consciousness occurs, whatever its cause, the EEG shows characteristic changes. These may become apparent before confusion is clinically obvious. The earliest change is a slowing of the alpha rhythm frequency. This slowing may not, in fact, fall outside of normal alpha frequency range (8) (9) (10) (11) (12) (13) . For example an alpha rhythm at 9 Hz may be significantly abnormal if it has replaced a higher frequency alpha rhythm. This may explain why in some patients with clouding of consciousness the EEG appears to be normal and emphasizes the need for obtaining serial recordings. By the time confusion is evident to the clinician, the EEG is dominated by theta activity, usually showing the same distribution and initially, at least, the same attenuation responses to visual and auditory stimuli. With greater impairment of consciousness lower frequency activity becomes more prominent and is progressively less responsive to eye opening and other alerting stimuli. When consciousness is totally lost and the patient is comatose, generalized delta waves dominate the recording with only minimal response to alerting stimuli. These are usually bilaterally synchronous, often more prominent in the frontal areas and frequently tend to wax and wane in voltage (Romano & Engel 1944 , Hill 1963 .
Such EEG changes can be found in varying degrees in delirious states due to meningitis, encephalitis, following head injury with concussion or contusion, after epileptic seizures, due to acute systemic infection, drug and alcohol intoxication, the systemic metabolic disorders, e.g. acute intermittent porphyria, urnmia, hepatic encephalopathy, vitamin B12 deficiency, endocrine disorders, electrolyte imbalance, carbon dioxide retention due to respiratory insufficiency and poisoning with various toxic agents. Acute changes in intracranial pressure e.g. the blocking of a ventriculoatrial shunt may produce the same effect. Since most of these conditions are potentially reversible the patient may improve or recover, either spontaneously or as a result of treatment, and the EEG will mirror any such improvement. However, sometimes even after clinical recovery, the frequency of the dominant activity remains unduly slow.
Dementias: Some knowledge of the changes found in healthy old age is an essential introduction to the EEG investigation of the dementias. The ageing process in healthy persons results in slight slowing of the alpha rhythm frequency. In comparison with a young adult average of 10.2 to 10.5 Hz (c/s) the mean alpha rhythm frequency ofmentally normal elderly persons has been shown to be significantly slower, 9.4±0.7 Hz in men of 60 to 74 years, and 8.9±0.9 Hz in males of 75 to 94. The data for females of the same age groups are 9.7±0.8 Hz and 9.1±0.6 Hz respectively.
Associated with this relative slowing of the alpha rhythm frequency in elderly people a decreased prevalence of subjects with a dominant alpha frequency of more than 10 Hz has been observed. Only 16% of a sample of 256 people over sixty years living in the community had alpha frequencies greater than 10 Hz, the median for young adults. Rhythms in the 11-12 Hz range were rare, being found in less than 2 % of the sample. With increasing age there is thus a shift towards the slow end of the alpha frequency spectrum (Obrist & Busse 1965 , Wang et al. 1970 ). This has been confirmed by a ten-year longitudinal study in which two-thirds of a series of mentally normal old people showed a progressive slowing of alpha frequency. Drop-outs due to death occurred more often among subjects with slower rhythms. Although the cause of the alpha slowing in old age is obscure there is evidence that arteriosclerosis may be a contributory factor. When age matched groups of arteriosclerotic and normal subjects were compared, the former were observed to have significantly lower alpha frequencies, regardless of whether the arteriosclerosis was clinically manifest in the heart or brain (Obrist & Bissell 1955 , Obrist 1963 . As well as these changes in frequency a general voltage reduction has been noted in healthy elderly subjects (Mengoli 1952 , Mundy-Castle et al. 1954 .
Low voltage beta rhythm, bilaterally symmetrical and maximal precentrally and centrally is common in the records of the middle aged and in at least 25% of people persists into old age, declining again in those aged 75 and over (Mundy-Castle 1951 , Obrist 1954 . As many as 50 % show at least traces of low voltage beta activity and up to a quarter have fast rhythms that dominate the anterior tracings (Obrist & Busse 1965) . It is more commonly found in females and a relative absence has been observed in senile patients with intellectual deterioration (Mundy-Castle et al. 1954 , Obrist & Henry 1958 . This low voltage beta activity has been found only a third as often in senile patients with dementia as those with no dementia. It appears to vary inversely with the quantity of diffuse slow activity recorded (Frey & Sjogren 1959) .
Diffuse slowing, the occurrence of generalized theta and delta waves as prominent background features of the EEG, is another phenomenon of old age; rare under 75 years (only a 6 to 8% prevalence) this phenomenon has been reported in more than 1 in 4 subjects over seventy-five years (Obrist & Busse 1965) . The presence of diffuse slowing can be used to distinguish between the functional and organic mental disorders of old age. In mental hospital populations it has been found to correlate negatively with IQ and positively with clinical ratings of dementia (Obrist et al. 1962 , Silverman et al. 1953 , Thaler 1956 , McAdam & Robinson 1956 , 1962 . Diffuse slowing is thus much more prevalent in geriatric patients with organic psychoses than in those with functional psychotic illnesses (Luce & Rothschild 1953 , Obrist & Henry 1958 . For example, in one survey of psychotic patients over 60 years 81 % of those with dementia had diffuse slowing in contrast with 22% of those without dementia (Frey & Sjogren 1959) . The phenomenon of diffuse slowing can be related to prognosis and life expectancy as well as clinical diagnosis. A follow up of patients with this phenomenon revealed that the majority either remained hospitalized or died within a year after the EEG examination. In contrast those patients with normal records or focal abnormalities tended to be discharged home or sent to convalescent home (Obrist & Henry 1958) . There is some evidence that the diffuse slowing in these senile patients is related to low cerebral blood flow and reduced cerebral oxygen consumption (Lassen et al. 1957 , Ingvar 1967 .
Anterior temporal theta delta wave foci have been commonly reported in 30 to 40 % of healthy old people examined (Busse & Obrist 1963 , Obrist & Busse 1965 . These phenomena tend to be more often left-sided in location and, if bilateral, to be more prominent on the left side. These anomalies are rare before the age of 40 in healthy persons, but become increasingly prevalent in the fifth and sixth decades and are localized to the anterior temporal region. This anterior temporal focal anomaly does not, as yet, appear to have any pathological significance. However, if the slow activity is more widespread extending into the mid or posterior temporal areas or merely the localized accentuation of diffuse slowing, underlying cerebral pathology should be suspected.
In the presenile dementias EEG abnonnality is common. The changes are generalized. The alpha rhythm is slowed or may be absent and diffuse low to medium voltage irregular theta activity appears. This theta activity often becomes the dominant background activity and irregular diffuse background delta waves may appear. Higher voltage generalized runs of irregular delta activity often more prominent frontally may appear. Paroxysmal abnormalities are rare in the presenile dementias even when epileptic seizures are part of the clinical presentation. Two notable exceptions to this rule are Jakob-Creutzfeldt's syndrome and subacute spongiform encephalopathy.
The EEG is almost invariably abnormal in Alzheimer's disease. In fact it is exceptional to find a normal record in a patient with this condition (Letemendia & Pampiglione 1958 , Gordon & Sim 1967 . In contrast the prevalence of abnormality is much less and the degree of abnormality less severe in the other presenile dementias. For example in a study of 61 cases of presenile dementia confirmed by cerebral biopsy, Gordon & Sim (1967) , all 48 of the cases of Alzheimer's disease had diffusely abnormal records while 2 out of the 3 cases of Pick's disease had normal recordings and all had alpha rhythms. Just less than three quarters (14 out of 19) of the cases of simple presenila dementia had diffusely abnormal EEGs, while 5 had normal records. In none was the alpha rhythm entirely lost, while 7 cases of Alzheimer's disease had no alpha rhythms. In most of the EEG studies of presenile dementia little relation has been found between the degree of dementia, duration of illness and severity of the EEG changes. This finding may result from the tendency to select advanced cases for study. Gordon (1968) has reported a longitudinal study of 13 cases of presenile dementia. Seven out of 8 Alzheimer's cases showed progression, the remaining patient with gross diffuse abnormality showing no change over nine months. Three out of 4 of the simple presenile dementias showed progression while the 1 case of Pick's disease showed no change over one year.
Seconal sleep recordings may be of diagnostic help. It has been shown that in Alzheimer's disease the barbiturate fast (beta) activity is relatively reduced, this reduction being most marked over the frontal lobes. The sleep spindles are poorly developed and the K complexes difficult to evoke (Letemendia & Pampiglione 1958) . It is usually impossible to determine the nature of the underlying pathology of the presenile dementia from the EEG although it has recently been suggested that in early cases of absence of an alpha rhythm makes the diagnosis of Alzheimer's disease probable as the alpha rhythm tends to disappear early in the condition (Gordon 1968). Likewise a normal EEG in a case of presenile dementia makes Alzheimer's disease unlikely since most early cases have abnormal records. Nevertheless, in several rare progressive disorders of adult life, namely Huntington's chorea, Jakob Creutzfeldt's disease and subacute spongiform encephalopathy the EEG may be helpful in the diagnosis of the specific condition.
In Huntington's chorea, low voltage records with little rhythmic activity are common, being found in 33 % to 83 % of cases, depending on the selection criteria used (Hill 1948 , Leese et al. 1958 , Margerison & Scott 1965 , Scott et al. 1972 . This low voltage EEG appears to be significantly associated with cortical atrophy including the frontal lobes and is found more often in institutionalized patients and in those with a positive family history, dementia and choreiform movements together (Scott et al. 1972) . The low voltage EEG is thought to result from the atrophic process involving both the frontal cortex and basal ganglia (Hill 1948). Although not specific for Huntington's chorea the low voltage EEG is rare in other neurological disorders. It has no value in predicting which offspring are at risk to develop the disorder (Chandler 1966) .
In subacute spongiform encephalopathy and Jakob-Creutzfeldt's syndrome generalized bilaterally synchronous polyphasic sharp wave and sharp and slow wave complexes appear. These often show a marked periodicity. The normal background rhythms fragment and disappear being replaced by irregular delta activity. In the terminal stages the amplitude of the EEG diminishes, becoming flat with brief generalized bursts of slow or sharp and slow wave potentials ). According to Nevin (1967) many cases written up as examples of Jakob-Section ofPsychiatry Creutzfeldt's syndrome are really cases of subacute spongiform encephalopathy. In the former the EEG never shows periodic complexes with sharp wave components Instead there is progressive loss of normal rhythms which are replaced by generalized slow activity of low to medium voltage.
In senile dementia the EEG changes are similar to the presenile dementia although less severe; the common abnormality being an accentuation of the usual senile features, slowing the disappearance of the alpha rhythm with the appearance of irregular low voltage diffuse theta and delta waves and fall out of the low amplitude beta activity. In a substantial proportion of cases the EEG remains normal even in the presence of gross dementia. The EEG changes in arteriosclerotic dementia are essentially similar except that focal disturbances are quite common due to cerebral infarction (Kiloh et al. 1972) .
The lack of a clear relationship between the degree of EEG abnormality and the dementia is a finding common to both the presenile and senile dementias. It may be that the EEG changes are related more closely to the rate of progress of the condition than to other factors such as the degree of dementia or underlying pathology (Hill & Driver 1962 ). In any case the relation between EEG abnormality and anatomical changes in the brain demonstrated at autopsy is variable. In one such study (Sheridan et a!. 1955 ) of 14 patients with arteriosclerotic or senile dementia three-quarters had diffuse slowing but almost one-quarter had normal EEGs in the face of moderately severe post-mortem findings. Three patients had delta wave foci despite the absence of local pathological changes in the brain. This suggests that physiological dysfunction due to vascular or metabolic factors must influence the EEG independently of structural CNS changes.
Normal pressure hydrocephalus presents with a rapidly progressive dementia with psychomotor retardation, ataxia of gait and incontinence of urine being early signs and is important to recognize as improvement can be achieved by introducing a ventriculoatrial shunt (McHugh 1964 , Adams et al. 1965 , Adams 1966 . The EEG is almost always abnormal at the time of diagnosis with a diffuse excess of theta or delta activity, the degree of abnormality varying from minimal to severe. Incidentally, marked increases in intracranial pressure produce relatively little EEG effect providing the onset is very gradual.
Patients with subacute encephalitis of later adult life involving mainly the limbic system often present to the psychiatrist with depressive symptoms, the amnestic syndrome or progressive dementia (Brierly et al. 1960 , Corsellis et al. 1968 , Gascon & Gillies 1973 . The EEG shows bilateral temporal lobe spikes and/or diffuse background slowing.
Epilepsies: As well as being an invaluable aid to the investigation of patients with temporal lobe epilepsy, a syndrome commonly accompanied by psychiatric disorder (Gibbs 1951 , Hill & Fenton 1969 , Falconer & Taylor 1970 , Driver 1970 the EEG is of use in the differential diagnosis of epileptic automatisms, clouded states and other epileptic psychoses. Petit mal status presents with clouding of consciousness, constantly fluctuating in intensity, which lasts for hours or days. This state is accompanied by continuous spike and wave discharges of generalized origin, which are usually atypical in waveform. Although a condition of children and young adults, it has been reported in older individuals and can even present de novo in middle age (Schwartz & Scott 1971) . Then it may mimic a dementing illness or a retarded depression. Postepileptic confusion, developing after one or more generalized convulsions, on the other hand, is accompanied by diffuse slowing of EEG background activity. Dongier (1959) at Marseilles, following a statistical study of the clinical and EEG manifestations of 536 psychotic episodes in 516 epileptics, reported that the type of clinical picture and EEG pattern is dependent on the presumed origin of the 'epileptic' discharges. For example, short-lived ictal and postictal confusional states lasting hours or days accompanied by continuous, generalized spike and wave activity and a diffuse delta dysrhythmia respectively were more commonly associated with epilepsy of generalized (subcortical) origin, while longer psychotic episodes lasting weeks or months, often terminated by a seizure but rarely initiated by one and displaying mainly affective features were seen more often in those patients with focal temporal lobe discharges. Paranoid, schizophrenic and catatonic symptoms were less common, but again occurred more frequently in the temporal lobe group. In the latter, there was no consistent change in the EEG background rhythms nor amount of focal epileptic activity present during the psychosis, although sometimes an apparent 'normalization' of the EEG occurred. These acute relatively short-lived psychoses are of course different from the chronic paranoid hallucinatory or schizophrenia-like psychosis of epilepsy, described in detail by Slater & Beard (1963) . Again the latter are commonly associated with temporal lobe foci, the laterality of the focal discharge being unimportant. More recently 11 915
Flor-Henry (1969), in a study of 50 cases of temporal lobe epilepsy with psychosis, has reported that psychosis is significantly more common in those with left temporal lobe foci. There was, in addition, a trend for schizophreniform illnesses to be associated with left-sided involvement, while those patients with predominantly affective symptoms had right temporal foci. In a study of temporal lobe epileptics treated by temporal lobectomy, Taylor (1972) has also noted an association between antisocial behaviour and left temporal foci while rightsided foci were more common in those with neurotic symptoms.
Personality disorders, the neuroses and functional psychoses: Electroencephalography is of practical value in the management of the non-organic psychiatric disorders only as one of several special investigation techniques available for assessing the possible role of organic cerebral disease. Yet EEG changes are not uncommon in patients with personality disorders, the neuroses and functional psychoses in the absence of overt organic pathology. Hence it is important for the psychiatrist to have some familiarity with these anomalous EEG findings in order to assess their significance in the individual case. The latter can be subdivided in five main groups.
(1) 'Nonspecific' abnormality of EEG background activity: Data obtained from the study of various control samples suggest that between 5 and 15% of apparently healthy people have 'abnormal' EEGs (Ellingson 1954) , the commonest features being a bilateral excess of theta activity and sometimes delta components, the latter being recorded from the posterior quadrants ofboth hemispheres; usually more marked in the posterior temporal areas. These EEG phenomena are normally found in children, are common in adolescence, and in any population their prevalence falls dramatically in young adult life. This relationship to age has led to the hypothesis that these EEG 'anomalies' when found in the adult are maturation phenomena, resulting from a maturation defect of cerebral organization (Hill 1952). However, it must be emphasized that their presence does not necessarily mean that the subject is 'immature' in any other sense. Nevertheless the prevalence of this type of 'nonspecific' abnormality increases as the degree of social maladjustment of the population studied becomes greater, being least in people specially selected for stability of personality and reaching peak prevalence in aggressive psychopaths. For example a 5% prevalence was reported in 100 highly selected air crew in contrast to 10% in RAMC personnel (Williams 1941) . The prevalence was higher (26%) in a mixed group of neurotic patients and 44 % in aggressive psychopaths (Hill & Watterson 1942) . Even higher prevalences have been reported for groups of motiveless and psychotic murderers (Stafford-Clark & Taylor 1949 , Sayed et al. 1969 . The association with persistently aggressive behaviour has been stressed (Williams 1969) . However, although a common finding in populations of subjects with a history of aggressive and/or antisocial behaviour it has not been possible to demonstrate a direct correlation with violence (Hill 1952 , Fenton et al. 1974b ). An EEG study of the families of children with conduct disorders and adults of psychopathic personality suggests that genetic and constitutional factors are important in the genesis of this type of EEG anomaly (Knott et al. 1953) . The role that brain damage plays in causing the proposed delay in cerebral maturation remains in dispute. It is rare to find any evidence of structural brain disease. However, Volavka & Matousek (1969) in a study involving careful enquiry into the circumstances of birth and early development of a series of psychiatric patients and healthy controls, have reported that such 'nonspecific' abnormalities in the EEG of young adults occur with significantly greater frequency in those subjects with a history of obstetric coniplications. Thus minimal pre or perinatal brain damage may be an etiological factor.
Abnormality in sex chromosome complement is accompanied by a significant generalized excess of theta activity and slow dominant rhythms, at least in institutionalized patients (Hambert & Frey 1964 , Neilson & Pederisen 1969 , Fentonetal. 1971 . The prevalence of EEG abnormality is much higher in the XXY as compared with the XYY cases (Fenton et al. 1974a) .
'Immature' EEG patterns are also found in people with affective illnesses, being found in 17% of a series of 148 depressed patients by Perris (1966) . Recent studies of schizophrenia have also reported a significant excess of background theta and delta activity (Volavka et al. 1966 , Itil et al. 1972 ).
(2) Paroxysmal abnormalities: Bursts of generalized fast spike and wave activity at 4-6 c/s have been reported in up to 5 % of acutely ill psychiatric admissions (Small 1968) . Earlier studies related such phenomena exclusively to schizophrenia, especially catatonic cases (Hill 1957) . More recent reports find no such diagnostic specificity (Kiloh et al. 1972) . Their pathophysiological significance is unknown but their presence probably reflects a low convulsive threshold.
other paroxysmal abnormalities; namely generalized sharp and slow wave episodes and bursts of bilateral fast and slow waves as well as focal spikes and sharp waves, the latter being mainly of temporal lobe origin, have been reported in schizophrenia (Hill 1952 . These appear to be a good prognostic sign. The paroxysmal discharges, in the acute schizophrenic patient, may reflect homeostatic processes in the CNS involved in bringing about a return to the pre-illness state (Hill 1952 (Adams 1959) . It is probable that other abnormal mood and behavioural states such as agitation, elation, excitement and hyperactivity produce similar changes the common factor being the activating effect of the emotional or motor disturbance on the arousal system. These changes can occur in any of the neuroses and functional psychoses. Although not outside the normal range, they contribute to the wide variance of EEG pattern found in such patients. In the manic depressive psychoses the mean alpha rhythm frequency tends to be higher in patients with predominantly manic illnesses than in those presenting with mainly depressive episodes (Hurst et al. 1954) . Serial studies of a few patients have demonstrated that the alpha rhythm is consistently less in amplitude and amount during the manic as compared with the depressive phases (Anderson et al. 1964 , Harding et al. 1966 . In recurrent psychotic depression there have been few serial studies, but Volavka et al. (1967) , in a study of 8 females with recurrent depression, found a significant increase in alpha and beta activity during the depressive phases. Incidentally in a cross-sectional study of 21 patients, activity at 8 and 9 c/s was found to correlate positively with a measure of sodium balance and of verbal retardation (Margerison et al. 1962 ). However, these changes probably reflect metabolic alterations secondary to the mood disturbance. Gjessing et al. (1967) studied 140 records from 3 cases of periodic catatonia. A consistent change was a decrease in alpha amplitude and increase in alpha frequency during the recurrent psychotic episodes, changes which correlated positively with alterations in excretion of VMA and normetanephrine, suggesting a possible relationship with sympathetic nervous system changes.
A recent carefully controlled study using both visual and automatic methods of analysis has confirmed many of the earlier observations about the EEG in schizophrenia (Itil et al. 1972 ). Significantly less alpha activity and more beta rhythm is present compared with healthy, age matched controls. The average amplitude tends to be lower with less rhythmical activity and occipitofrontal synchronization. These changes are qualitatively similar to those seen in anxiety states and affective illnesses. Surprisingly enough, there is now evidence from several studies that a normal EEG with an abundant alpha rhythm is a sign of poor prognosis (Igert & Lairy 1962 , Small & Stern 1965 ). Reduced amplitude variability over time measured by a voltage integration technique is another feature of chronic schizophrenia, again probably a reflection of chronic overactivity of the arousal system (Sugerman et al. 1964 , Marjerrison et al. 1967 , Goldstein & Sugerman 1969 ).
(4) Changes in metabolic state due to illness: Malnutrition caused by anorexia of severe depressive illness of alcoholism, self neglect in chronic schizophrenia or senile dementia can result in diffuse EEG slowing due to serum folate, B12 or thiamine deficiency. Two-thirds of a series of anorexia nervosa patients were shown to have mild to moderate abnormality of background activity with diffuse excess of theta waves and sometimes dominant rhythm slowing. These changes were related to serum electrolyte depletion, presumably due to self-induced vomiting and were a feature of the more chronic cases (Crisp et al. 1968 ).
(5) Changes due to treatment: Treatment with large doses of phenothiazine drugs and therapeutic doses of tricyclic antidepressants and lithium result in an increase in theta and delta frequencies.
The tricyclic drugs also tend to reduce the alpha rhythm abundance and increase the amount of the beta activity present (Fink 1969 , Small et al. 1971 , 1972 . Barbiturates or benzodiazepine derivatives produce a characteristic low voltage beta rhythm from the frontocentral areas of the cortex. The changes associated with diazepam therapy are especially dramatic, a prominent beta rhythm appearing diffusely with reduction of the alpha rhythm voltage and quantity and sometimes an increase in frequency. There is often an apparent 'normalization' of the EEG with reduction in slower background frequencies and 'suppression' of focal abnormalities. Similar effects can be seen with the administration of 917 13 918 Proc. roy. Soc. Med. Volume 67 September 1974 14 nitrazepam as an hypnotic. Hence these drugs should be discontinued for 72 hours before EEG investigations are embarked upon.
Paroxysmal abnormalities, mainly generalized bursts of theta activity, also occur in a minority of patients taking phenothiazine and tricyclic antidepressant drugs. On rare occasions generalized spike and wave complexes may appear either spontaneously or on photic stimulation. Such paroxysmal discharges are doubtless a reflection of the well known epileptogenic properties of these drugs. Similar paroxysmal events, either spontaneously occurring or induced by flicker, can appear after sudden barbiturate, alcohol or benzodiazepine derivative withdrawal. Such withdrawal effects may persist as long as two weeks. Changes induced by large doses of chlorpromazine may take as long as nine weeks to disappear entirely (Ulett et al. 1965 ).
Successive ECTs almost invariably cause generalized theta and delta activity to persist between treatments, the changes persisting in varying degree for one to three months after a course of 6 to 12 treatments (Klotz 1955) . Thus EEG investigation should be postponed for at least four weeks after the end of a course of ECT. After standard bilateral prefrontal leukotomy generalized, frontally predominant delta activity appears. This slowing gradually disappears over the course of several months (Levin et al. 1949 ). Relatively little is known about the effects of the modified procedures.
